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Gene Silencing by Injection and Electroporation of dsRNA in
Avian Embryos
Abstract
In ovo RNA interference (RNAi) is a method for silencing a gene of interest using a combination of in
ovo injection and electroporation in avian embryos. Here we describe gene silencing in the developing
spinal cord, but the procedure can easily be adapted to other parts of the nervous system.
Double-stranded RNA (dsRNA) derived from the gene of interest is injected into the developing spinal
cord of the chicken embryo, and is followed by electroporation to allow for the uptake of the dsRNA.
With this method, temporal as well as spatial control of gene silencing is possible. The time point of
injection should be chosen according to the expression profile of the gene or the half-life of the protein.
Proteins with slow turnover may require RNAi at earlier stages, ideally before the onset of gene
expression. The electroporation parameters can be adjusted such that only a specific population of
neurons is targeted in the spinal cord.
Cite as: Cold Spring Harb. Protoc.; 2008; doi:10.1101/pdb.prot5094
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INTRODUCTION
In ovo RNA interference (RNAi) is a method for silencing a gene of interest using a combination of in ovo injection
and electroporation in avian embryos. Here we describe gene silencing in the developing spinal cord, but the
procedure can easily be adapted to other parts of the nervous system. Double-stranded RNA (dsRNA) derived
from the gene of interest is injected into the developing spinal cord of the chicken embryo, and is followed by
electroporation to allow for the uptake of the dsRNA. With this method, temporal as well as spatial control of gene
silencing is possible. The time point of injection should be chosen according to the expression profile of the gene
or the half-life of the protein. Proteins with slow turnover may require RNAi at earlier stages, ideally before the
onset of gene expression. The electroporation parameters can be adjusted such that only a specific population of
neurons is targeted in the spinal cord.
RELATED INFORMATION
This protocol is an updated and expanded version of Injection of dsRNA and Electroporation in Avian
Embryos (Stoeckli 2006a). For instruction on the production of dsRNA, refer to Production of dsRNA for RNAi
in Avian Embryos (Stoeckli 2006b). Protocols describing In Vivo Electroporation of Neurons (Price 2007),
Transfecting Avian Motor Neurons and Their Axons Using In Ovo Electroporation (Linn and Krull 2008),
Transfecting Neural Crest Cells in Avian Embryos Using In Ovo Electroporation (Kadison and Krull 2008),
and Using In Ovo Electroporation to Transfect Cells in Avian Somites (Chen and Krull 2008) are also
available.
MATERIALS
Reagents
Ethanol (70%)
Fertilized chicken eggs
Paraffin (Paraplast Tissue Embedding Medium), melted on a heating plate at 80°C
 dsRNA derived from the gene of interest (200-400 ng/µL in sterile 1X PBS)
 Phosphate-buffered saline (PBS; 1X, sterile)
Reporter plasmid (enhanced green fluorescent protein [EGFP] under the control of a chicken β-actin promoter)
 Trypan blue solution (0.4%; Invitrogen)
Equipment
Brush (for applying melted paraffin)
Candler, egg-lume (Brinsea Products Ltd)
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Capillaries, borosilicate glass (outer/inner diameter: 1.2 mm/0.68 mm; World Precision Instruments)
Coverslips (24- x 24-mm; VWR International)
Electrodes, platinum (4-mm length; 4 mm between anode and cathode; Harvard Apparatus)
Electroporator (ECM 830 Square Wave Electroporation System; Harvard Apparatus)
Forceps
Incubator (38°C-39°C; 45% humidity) (Heraeus B12; Thermo Scientific)
Micropipette puller (PC-10; Narishige)
Pencil
Pipettes, transfer
Scalpel
Scissors, small (Fine Science Tools)
Scissors, spring (Fine Science Tools)
Soldering iron
Syringe with needle (Sterican 100, 18G; B. Braun Melsungen AG)
Tape, transparent (e.g., Scotch Magic)
Tubing, polyethylene (1.24-mm diameter)
METHOD
Windowing the Egg
1. Incubate the fertilized eggs in an incubator at 39°C and ~45% humidity.
Before incubation, the fertilized eggs can be stored at 15°C for a maximum of 1 wk. Longer incubation
periods may prevent normal development of the embryo.
2. After 3 d of incubation (or earlier, if required by the experiment), place the egg on its side for at least 30
min to allow the embryo to reposition on top of the yolk before opening.
3. Wipe the egg with 70% ethanol.
It is important to clean the eggshell to avoid contamination which results in decreased survival rates.
4. Hold the candler against the blunt end of the egg and mark the position of the embryo on the shell with
a pencil (Fig. 1A ).
View larger version (33K):
[in this window]
[in a new window]
 
Figure 1. Windowing the egg. (A) The position of the
embryo is marked with a pencil. Small holes outlining the
window are made with a scalpel. An additional hole at the
blunt end is used to remove albumen. The syringe must be
kept at an angle of at least 45° to avoid any damage to
the yolk or the embryo. During cutting of the window, a
piece of transparent tape prevents pieces of the shell from
falling inside. (B) The hole at the blunt end and the window
are sealed with paraffin and a coverslip.
5. Make a small hole at the blunt end of the egg and at the corners, outlining the planned window using a
scalpel (Fig. 1A).
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The holes at the corners are required to allow entry of air and detachment of the embryo from the shell
during removal of albumen (Step 6).
6. Remove 3 mL of albumen with a syringe through the hole at the blunt end of the egg. Insert the syringe
at an angle of at least 45° to avoid damaging the yolk and interfering with embryo survival (Fig. 1A).
7. Place a piece of transparent tape onto the shell to prevent pieces of the eggshell from falling onto the
embryo (Fig. 1A).
8. Carefully cut the outlined window into the eggshell with scissors. Keep the scissors as horizontal as
possible to prevent any damage to the embryo while cutting the eggshell.
9. Seal the hole at the blunt end of the egg and any cracks of the shell by applying melted paraffin with a
brush. Create a rim with melted paraffin around the edges of the window and gently press a coverslip onto
the window (Fig. 1B).
Alternatively, use transparent tape to close the window. It is important to properly close the window to
prevent dehydration of the embryo during incubation.
10. Return the egg to the incubator. Make sure that the position of the egg is the same as before
windowing, to keep the embryo accessible through the window.
In Ovo Injection and Electroporation
11. Autoclave the tools and wipe the working space with 70% ethanol.
It is important to use sterile tools and clean the working space to avoid contamination.
12. Prepare the injection solution:
i. Mix sterile 1X PBS containing the dsRNA derived from the gene of interest (200-400 ng/µL) with an
EGFP reporter plasmid under the control of a β-actin promoter (20 ng/µL).
ii. Add trypan blue solution to a final concentration of 0.04 % (v/v).
13. Press the soldering iron briefly onto the coverslip to melt the paraffin and carefully remove the
coverslip. If the egg was sealed with tape, gently remove it and take care that the eggshell is not
destroyed.
14. Stage the embryo according to Hamburger and Hamilton (1992).
15. Remove the extraembryonic membranes covering the embryo using forceps and spring scissors (Fig.
2A ).
View larger version (66K):
[in this window]
[in a new window]
 
Figure 2. In ovo electroporation. (A) To have direct
access to the embryo for the injection and subsequent
electroporation, the extraembryonic membranes are
removed using forceps and spring scissors. (B) For optimal
injection of the dsRNA solution into the central canal of the
spinal cord, the injection capillary must be kept at an angle
of 45°. The maximal injection volume is achieved when
the trypan blue reaches the brain ventricle and the tail
(arrowheads). (C) The electrodes are placed along the
body to transfect one-half of the spinal cord. (D-F)
Depending on the position of the electrodes, different
areas of the spinal cord can be targeted. (D) If the
electrodes are placed dorsally and ventrally of the spinal
cord, the floor plate is transfected. (E) A dorsal position of
the anode with a ventral position of the cathode results in
transfection of dorsal commissural neurons, while the
reverse position results in transfection of motoneurons (F).
16. Prepare micropipettes using borosilicate glass capillaries and a micropipette puller. Break off the tip of
a micropipette to obtain a tip diameter of ~5 µm and connect it to a piece of tubing.
Smaller tip diameters make it more difficult to inject the dsRNA solution, while larger diameters may lead
to leakage of the injected solution, and thus, to inefficient transfection.
17. Inject the solution containing the dsRNA into the central canal of the spinal cord at the level of the hind
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limbs (Fig. 2B).
Control the injection by mouth; the maximal injection volume is achieved when the trypan blue reaches
the brain ventricle and the tail (arrowhead in Fig. 2B). Avoid leaking of the injected solution, because this
may result in reduced gene silencing.
18. Add a few drops of 1X PBS with a transfer pipette before electroporation to lower electric resistance
and to prevent overheating of the embryo.
19. Place the electrodes in a parallel manner along the anterior-posterior axis of the spinal cord (Fig. 2C).
The position of the electrodes determines the targeted area for gene silencing. To target the floor plate,
commissural neurons, or motoneurons, position the electrodes as depicted in Figure 2D-F.
20. Electroporate the embryo by applying five pulses of 50 ms duration at 18 V for E2 embryos and 26 V for
E3 embryos.
During electroporation, avoid contact between the electrodes and the embryo as well as the major blood
vessels to prevent damage or death of the embryo. Keep the electrodes away from the heart.
21. After the electroporation, add a few drops of 1X PBS with a transfer pipette to cool the embryo.
22. Rinse the electrodes with H2O to remove denatured proteins
 from the surface.
Remaining proteins on the electrodes interfere with efficient electroporation.
23. Reseal the egg with a glass coverslip and a soldering iron.
Alternatively, use transparent tape. It is important to properly close the window to prevent dehydration of
the embryo during incubation. Sealing with coverslips is more time consuming than sealing with tape, but it
facilitates reopening the window and allows the development of the embryo to be observed directly.
24. Return the egg to 39°C for further incubation until the desired developmental stage is reached.
See Troubleshooting.
TROUBLESHOOTING
Problem: Eggs set at the same time contain embryos at variable stages of development.
[Step 24]
Solution: Large differences between embryos indicate poor incubation conditions or poor quality of the fertilized
eggs. Fertilized eggs can be stored at 15°C for up to 1 wk before incubation. Keep track of developmental stages
throughout the experiment, because deviations from the normal time course may provide important information
for troubleshooting. Small differences in incubation parameters may lead to considerable differences in
development.
Problem: Embryos have a low survival rate.
[Step 24]
Solution: It is crucial to avoid physical damage to the embryos and the main blood vessels. Handling chicken
embryos in ovo requires manual skills that must be acquired through training. Consider the following:
1. For beginners, we recommend assessing the efficiency and reproducibility of in ovo injection and
electroporation by analyzing EGFP expression directly in ovo under a microscope using fluorescent optics.
2. If the survival rate is low for untreated embryos, the incubation conditions and/or poor egg quality are
most likely the cause. The temperature of the incubator should be between 38°C and 39°C and the
humidity should be at least 45%. (It is sufficient to place a tray filled with water into the incubator to obtain
optimal air humidity).
3. Contamination of the incubators with fungi and yeast is often the reason for low survival rates of the
embryos.
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4. Note that Tris-based buffers and solutions containing glycerol are not compatible with in vivo injections.
Problem: Inefficient down-regulation of the targeted mRNA is observed.
[Step 24]
Solution: Variability in the phenotype of choice may be due to suboptimal RNAi conditions. Consider the
following:
1. Make sure that the injection volume is not too small, i.e., the trypan blue should reach the brain
ventricle and the tail. The injection mixture should not leak from the spinal cord.
2. If necessary, optimize the position of the electrodes, or reduce the distance between them.
3. Comparison between control-injected and untreated embryos is required to control for artifacts
introduced by embryo handling and/or the buffers used for RNAi.
DISCUSSION
The specificity of gene silencing by in ovo RNAi, as well as its efficiency, can be demonstrated using a variety of
approaches. Down-regulation of targeted proteins can be shown by Western blot analysis (Bourikas et al. 2005;
Stepanek et al. 2005) or immunohistochemistry on cryostat sections (Pekarik et al. 2003; Rao et al. 2004;
Bourikas et al. 2005; Baeriswyl and Stoeckli 2008). A decrease in the targeted mRNA can be demonstrated using
in situ hybridization on either cryostat sections (Bourikas et al. 2005; Mauti et al. 2007) or whole-mount embryos
(Katahira and Nakamura 2003; Dai et al. 2005), or by semi-quantitative reverse transcriptase-PCR (RT-PCR;
Sato et al. 2004). In addition, a variety of approaches exist to analyze loss-of-function phenotypes. Defects in cell
differentiation or cell migration can be detected by immunohistochemistry for known markers (Chesnutt and
Niswander 2004). Axonal trajectories can be visualized by specific stainings or dye tracings of tissue slices or
whole-mount preparations (Perrin and Stoeckli 2000; Pekarik et al. 2003; Bourikas et al. 2005). To reveal specific
loss-of-function phenotypes in the peripheral nervous system, neurofilament staining of axons in whole-mount
preparations may be a good start (Mauti et al. 2007).
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Caution
Trypan blue
Trypan blue may be a carcinogen and may be harmful by inhalation, ingestion, or skin absorption. Do not breathe
the dust. Wear appropriate gloves and safety glasses.
Recipe
Phosphate-buffered saline (PBS)
Reagent Amount to add
(for 1X solution)
Final concentration
(1X)
Amount to add
(for 10X stock)
Final concentration
(10X)
NaCl 8 g 137 mM 80 g 1.37 M
 KCl 0.2 g 2.7 mM 2 g 27 mM
Na2HPO4 1.44 g 10 mM 14.4 g 100 mM
KH2PO4 0.24 g 1.8 mM 2.4 g 18 mM
If necessary, PBS may be supplemented with the following:
 CaCl2•2H2O 0.133
 g 1 mM 1.33 g 10 mM
 MgCl2•6H2O 0.10
 g 0.5 mM 1.0 g 5 mM
 PBS can be made as a 1X solution or as a 10X stock. To prepare 1 L of either 1X or 10X PBS, dissolve the
reagents listed above in 800 mL of H2O. Adjust the pH to 7.4 (or 7.2, if required)
 with HCl, and then add H2O
to 1 L. Dispense the solution into aliquots and sterilize them by autoclaving for 20 min at 15 psi (1.05
kg/cm2) on liquid cycle or by filter sterilization. Store PBS at room temperature.
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hazardous and should be used with caution. For a full listing of cautions, click here.
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